In this article, we derive the coefficient set {H ( )} ∞ =1 using the generating function + Φ( ) . When the complex function Φ( ) is entire, using the inverse Mellin transform, and when Φ( ) has singular points, using the inverse Laplace transform, the coefficient set is obtained. Also, bi-orthogonality of this set with its associated functions and its applications in the explicit solutions of partial fractional differential equations is discussed.
Introduction
As we know, finding the coefficient set {H ( )} ∞ =1 for the generating function + Φ( )
is related to following expression [1] [2] [3] [4] H ( ) = Φ( ) { }
If in relation (1) we set Φ( ) = , then the Gould-Hopper polynomials are derived [5] 
Now, in this paper we try to find the function H for the general case of the function Φ( ). For this purpose, we consider two cases of the complex function Φ( )
i) Φ( ) is an entire function,
ii) Φ( ) has singular points at zero, and by expansion of the function + Φ( ) in the Taylor or the Laurent series we obtain the function H . In the first case, by introducing the Schouten-Vanderpol theorem for the Mellin transform we get an integral representation for Φ( ) and, by implementation of the Wright function, we modify the obtained integral representation for Φ( α ) . In the second case, by considering Φ( ) = 1 Ψ( ) , and using the inverse Laplace transform, we give an integral representation for the operator
We proceed to state some examples for special cases of Φ( ) and find new functions which are bi-orthogonal to H . Finally, we express the Ramanujan master theorem for the function + Φ( ) and obtain explicit solutions of partial fractional differential equations by the proposed technique.
The inverse Mellin transform of λΦ( )
In this section, we establish some theorems and corollaries on the λΦ( ) operator. First, we derive an integral representation for the operator λΦ( ) .
Theorem 1.
Let Φ( ) be an entire function such that φ(± ) = ( ) ± ( ), then the following relation holds
where the function (ξ λ) is presented by
Proof. 
The relation (9) implies that the Mellin transform of the last integral is equal to function
which by setting ln( ) = ξ, we get the relation (7).
Corollary 2.

If we suppose that
can be changed into some special cases:
where the function Pro Div are given by
where I 0 is the modified Bessel function of the first kind and
Example 4.
where
Theorem 5.
(The Schouten-Vanderpol theorem for the Mellin transform) Let F ( ) and φ( ) be analytic functions in the plane
1 < ( ) < 2
and let F ( ) be the Mellin transform of ( ). Then the inverse of the Mellin transform F (φ( ))
can be written as
Proof. Using the definition of the Mellin transform for
and substituting in the inverse of the Mellin transform F (φ( ))
and changing the order of integration, we get the relation (18). 
Corollary 6.
It is obvious that by setting φ(
where the Wright function is given by
Corollary 7.
By setting F ( ) = λΦ( ) and combining the relations (7) and (20), we obtain a new integral representation for the fractional exponential operator
where the function (α) (ξ λ) is given by
Now, in the view of the introduced functions and α , the following theorem is stated for the generating function + Φ( ) .
Theorem 8.
The following relations hold for the generating function
Proof. Applying the relations (2), (7) and (22), and using the fact that [8] 
we arrive at the relation (24).
Theorem 9.
The H α ( ) polynomials and their associated functions are bi-orthogonal in the following sense
where the subscript denotes the derivative of α (ξ | |) with respect to ξ.
Proof. Suppose that the following expansion exists
and the coefficient can be determined from the identity with respect to the Riemann-Liouville fractional derivative [9] 
Now, with the aid of the integral representation (22), the above relation is changed to
which by applying the change of variable + ξ = σ , we find that
By comparing the relation (30) with (27), it is obvious that the functions
Corollary 10.
The Ramanujan master theorem states that if the function ( ) is defined by the Taylor series
then the Mellin transform of the function ( ) is given by [10] 
Therefore, according to the Ramanujan master theorem and relation (30), we have
The operator 1 Ψ( ) and examples
In order to obtain the coefficient set H when Φ( ) has singular points, we need to generalize the Riemann-Liouville fractional integral [9] −α
for the arbitrary function Φ( ) = 1 Ψ( ) . In this sense, using the definition of the Laplace transform we can generalize the relation (36) as the following definition.
Definition 11.
The generalized Riemann-Liouville integral is defined as
In this case, we state the following theorem for the generating function + Ψ( ) .
Theorem 12.
The following relation hold for the generating function
Proof. Applying the relations (2),(37) and using the Taylor series of Ψ( ) , we get the relation (39).
Example 13.
Using the relations (14) and (24), the following identity holds
Example 14.
Using the relations (22) and (24), the following identity holds Example 15.
Using relation (40) and the fact that
where 
Example 16.
and I is the modified Bessel function of order .
Application to nonlinear partial fractional differential equations
Theorem 17.
The explicit solution of the nonlinear partial spacefractional differential equation of the Bernoulli type in the Riemann-Liouville sense
with initial condition ( 0) = 0 ( ) can be written as
Proof. With the change of variable 1− = , the Bernoulli type differential equation with respect to can be transformed to the linear differential equation
which has the general solution as follows
where C is constant. By applying the initial condition to obtain the constant C and setting back 
Example 18.
We consider the generalized nonlinear heat conduction equation [11] . These results show that the flexible operational technique can be employed for finding bi-orthogonal sets of functions. Also, a new promising approach for obtaining the formal solutions of nonlinear partial fractional differential equations in a fairly wide context was derived.
